INTRODUCTION
Reactive oxygen species (ROS, such as O 2 •− , RO·, H 2 O 2 , 1 O 2 , etc.) have been considered to play important roles in human mortality and morbidity [1, 2] . Fluorescence detection has been considered to be the most powerful technique due to its high sensitivity and experimental convenience. Rare earth ion (especially trivalent lanthanide ions of Eu) luminescence is attracting considerable attention due to their outstanding optical properties and growing applications in optical devices and biomedical fields such as therapeutic and imaging probes [3] [4] [5] [6] . Compared to trivalent lanthanide ions doped with oxidative species and rare earth complexes, a new type of organic-inorganic hybrid materials of rare-earth coordination polymers (CPs) or lanthanide-organic frameworks is showing promising because of the intrinsic properties of the trivalent lanthanide ions and the electrostatic nature of the coordination chemistry, which allow a large variety of symmetries and structural patterns to be obtained [7, 8] . However, low fluorescent efficiency still exists and hinders the development of lanthanideorganic frameworks. Therefore, increasing the fluorescent emission intensities of lanthanide-organic frameworks is critical to realization of their use in sensors.
Regarding this, Au@SiO 2 core-shell nanoparticles (NPs) are of great interest due to metal-enhanced fluorescent effects based on the surface plasmon resonance (SPR) of Au NPs [9] [10] [11] [12] [13] [14] . Fluorescence quenching also occurs by non-radiation energy transfer if the chromophore is situated in vicinity of Au NPs. The enhancing and quenching effects strongly depend on the distance between the surface of Au NPs and chromophores [15] [16] [17] [18] [19] [20] . In the present work, we prepared Au NP@silica@eur-opium coordination polymers denoted as Au NP (Au NP) @SiO 2 @TDA-Eu nanocomposites by two steps: first, Au NP@SiO 2 nanaocomposites were prepared by a modified one-pot process [21, 22] . The europium coordination polymers were then deposited on the surface of Au NP@ SiO 2 by mixing 2,2ʹ-thiodiacetic acid [S(CH 2 COO) 2 2− , TDA] and Eu(NO 3 ) 3 ·6H 2 O in ethanol. The prepared Au NP@SiO 2 @TDA-Eu samples were further used to detect ROS (H 2 O 2 ). sites are shown in Fig.1 . At first, Au NP@SiO 2 core-shell nanostructures with different silica thicknesses were prepared by a one-pot process, in which the diameter of Au NP was about 10 nm, and a core-shell structure of Au NP@SiO 2 was obtained through the hydrolysis of tetraethyl orthosilicate (TEOS) under alkaline conditions. As the spacer layer, the thickness of silica could be controlled from 10 to 40 nm by changing the amount of TEOS. Subsequently, a europium coordination polymer (TDAEu) was then deposited on the surface of Au NP@SiO 2 nanostructures by hydrothermal treatment [23] . The resulting Au NP@SiO 2 @TDA-Eu nanocomposites with core@spacer@shell structure are obtained. , 600 mL) NaOH were dissolved in 24 mL of deionized water. The solution was heated to 80°C and held for 15 min. Then, 1 mL of formaldehyde solution (37%) and 0.04 mmol of HAuCl 4 ·4H 2 O were added and the resulting solution changed to gray over a few seconds and eventually to wine-red. After stirring for 10 min, Au NP@SiO 2 NPs were subsequently synthesized by adding a mixed liquid of TEOS and ethanol and heated in a water bath for 6 h. The spacer thickness of silica could be adjusted to about 10, 20, 30 and 40 nm by adding the amount of TEOS 500, 580, 720 and 900 µL, respectively. In this process, Au NPs were obtained by reducing chloroauric acid with formaldehyde, furthermore, using CTAB as a template, Au@SiO 2 NPs were formed through hydrolysis of TEOS under alkaline condition to deposit silica on the surface of Au [21] , which needed to strictly control the reaction time at 10 min, after TEOS was added, the mixing speed should be adjusted below 400 rpm, the reaction time was so long enough to ensure that the silica could completely selfassembled. After reaction, the samples with relatively uniform size were obtained by centrifugation.
Chemicals

Synthesis of Au NP@SiO 2 @TDA-Eu nanocomposite
The mixture of TDA (60 mg), Eu(NO 3 ) 3 ·6H 2 O (80 mg) and Au NP@SiO 2 core-shell nanostructures synthesized in the previous step were dissolved in 20 mL ethanol. After being degassed using N 2 for 10 min, the mixture was put into a Teflon autoclave and heated to 100°C for 24 h. [Eu 2 (TDA) 3 ]·2H 2 O [24] was formed on the surface of Au NP@SiO 2 and the resulting product of Au NP@SiO 2 @TDA-Eu nanocomposites were obtained by centrifugation. The fluorescent property of the Au NP@SiO 2 @TDA-Eu nanocomposites with different thickness of silica was detected under the same concentration of Eu 3+ in ethanol. In order to keep the concentration of Eu 3+ consistent, the synthesis process was carried out with excessive TDA and kept long enough to allow the TDA-Eu to be completely modified on the surface of Au NP@SiO 2 . The concentration of Eu 3+ was set to 0.5 g L −1 which was obtained by dispersing the reaction liquid in ethanol by ultrasonication with the constant volume of 160 mL. The same amount of solution was used to measure the fluorescence data, and the average values of the three experiments were reported. In addition, in order to reflect the fluorescence enhancement effect of Au, the samples of 'no Au spheres' were synthesised by the same process but no adding HAuCl 4 ·4H 2 O, forming the SiO 2 @TDA-Eu nanocomposites.
Monitoring the fluorescence of Au NP@SiO 2 @TDA-Eu after reacting with H 2 O 2
The concentration of Eu 3+ was fixed at 10 mg mL −1 . 0.5 mL of the TDA-Eu and Au NP@SiO 2 @TDA-Eu were dispersed in ethanol solution, then were treated with (500 μL H 2 O 2 with different concentrations from 0 to 500 μmol L −1 for 10 min, respectively. The solutions were then centrifuged at 8,000 rpm to remove excess hydrogen peroxide solution. The Au NP@ SiO 2 @DTA-Eu-H 2 O 2 and DTA-Eu-H 2 O 2 were re-dispersed in 200 mL of anhydrous ethanol, then, 40 µL of the above solution were respectively dropped into the center of the quartz plate of 1 cm 2 and dried at 30°C. The fluorescence emissions were monitored at room temperature from 500-700 nm using a xenon lamp as the light source with an excitation wavelength of 399 nm wavelength of excitation, a 10 nm width, and 0.5 sec response time.
Characterization
Transmission electron microscopy (TEM) and high-resolution TEM analyses were carried out on a JEOL JEM-2010F transmission electron microscope equipped with a field emission gun operated at 200 kV. UV-vis absorption spectra was recorded using a TU-1901 spectrophotometer. X-ray diffraction (XRD) analysis was recorded using a Hitachi S-5500 at an accelerating voltage of 20 kV. Energy dispersive spectroscopy (EDS) was carried out by a field emission scanning electron microscopy (SEM, SIGMA ZEISS). Room-temperature fluorescence emission spectra and fluorescent decay were taken through F-4500 fluorescence spectrophotometer of Hitachi Company.
RESULTS AND DISCUSSION
The phase and composition of the Au NP@SiO 2 coreshell nanostructures prepared by one-pot process were characterized by XRD in Fig. 2 . Au characteristic peaks could easily be assigned to the (111), (200), (220), and (311) planes of a cubic face-centered phase (JCPDS card PDF#04-0784). And there is a broad peak between 20 and 25 marked with hollow triangles which is assigned to the silica (JCPDS card PDF#38-0651) shell [24] . The diffraction peak intensity of Au decreased with increasing the silica thickness. The Au NP@SiO 2 core-shell nanostructure was further characterized with TEM.
Au NPs with a diameter of 10 nm are displayed in Fig.  3a and high resolution TEM is shown in the inset of Fig.  3a with the crystal plane spacing being 0.24 nm, which is corresponds to the Au (111) plane. The typical Au NP@SiO 2 core-shell nanostructures with different silica thickness of 10-40 nm are shown in Fig. 3b -e. The thickness of the silica was controlled by TEOS concentration in the mixtures of ethanol where the volumes of the added TEOS were 500, 580, 720 and 900 µL, respectively. After depositing TDA-Eu onto the outer surface of the Au NP@SiO 2 core-shell nanostructure, the core-layer-shell structure of Au NP@SiO 2 @TDA-Eu was shown in Fig. 3f , furthermore, the Eu, Si, S, C and O signals can be observed in the EDS plot given in the inset of Fig. 3f . Fig. 4a shows the absorption spectra of aqueous dispersions of pure TDA and Au NP@SiO 2 @TDA-Eu nanocomposites. There is an absorption peak at 236 nm for the pure DTA, while the absorption peak disappears when Eu coordinates with DTA, which is due to the interaction between inorganic Eu 3+ and the free electrons on the -COOH of TDA, inducing significant alteration of the polarity of the coordination environment of Eu 3+ . The other obvious absorption peak of Au NP@SiO 2 @TDA-Eu nanocomposites appears at 540 nm signed with a diamond, which belongs to the surface plasmon resonance of Au NPs. As shown in Fig. 4b , the absorption peaks of the nanocomposites are red-shifted from 528 to 545 nm as the silica thickness increased from 10 to 40 nm. Because of the surface plasmon resonances related to the dielectric constant of the metal and surrounding dielectric, the wavelength will be red-shift after coating silica shell with refractive index (n =1.4585) compared with water (n = 1.3325) [25, 26] . And also the redshift is obviously dependent on the thickness of silica shell.
The excitation and emission spectra of Au NP@SiO 2 @TDA-Eu in ethanol are shown in Fig. 5 . The maximum emission peak at 399 nm was obtained at a excitation wavelength of 616 nm in Fig. 5a , and the emission spectrum displays two clear peaks in Fig. 5b at 594 Fig. 6a , the fluorescence emission spectra are obtained using a 399 nm excitation wavelength at room temperature. It can be seen that the intensity of fluorescence emission increases and then reduces with increasing thicknesses of the silica layer. When the thickness of silica layer is about 30 nm, the fluorescence emission intensity of the nanocomposites is the strongest. The average maximum enhancement factor is 6.81. The maximum value of fluorescence intensity appears around 30 nm of silica layer thickness.
Based on the theoretical model of local electromagnetic field and radioactive decay lifetimes, it is considered that the excitation of surface plasmons will induce the enhancement of the local electromagnetic field. These enhanced regions can also change the local electromagnetic field density [29] , and the enhancement of fluorescence emission depends on the competition of the distancedependent mechanism [17, 30] . However, at the same time, it will also create faster radiation decays [31] [32] [33] . In order to verify the relationship between fluorescence enhancement and lifetime decay, the fluorescence lifetime is tested as shown in Fig. 7 , where the fluorescence lifetime decreases with the increase of the interlayer thickness.
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The fitting curves are shown in Figs S1-S5 and fitting data are shown in Table S1 .
The fluorescence lifetime of SiO 2 @DTA-Eu NPs is 1.0741 ms (Fig. S1 ), in contrast, the average fluorescence lifetimes of Au NP@SiO 2 @DTA-Eu NPs with silica thickness of 10, 20, 30 and 40 nm, are about 1.0048, 0.9909, 0.9421 and 0.9575 ms, respectively. These data indicate fluorescence decay lifetime decreases rapidly after the Au NPs are coated with silica. When the thickness of silica layer reaches 30 nm, the fluorescence lifetime decreases from 1.0741 to 0.9421 ms and the degree of decay is the strongest, which is consistent with the life decay model. It also reveals that the thickness of silica is one of the main factors of fluorescence enhancement in the nanocomposites of Au NP@SiO 2 @DTA-Eu.
In order to better understand the fluorescence quenching mechanism and the detection sensitivity, DTA-Eu-H 2 O 2 and Au NP@SiO 2 @DTA-Eu-H 2 O 2 were prepared by the reaction of DTA-Eu and Au NP@SiO 2 (30 nm)@DTA-Eu with H 2 O 2 , respectively, for 10 min. The fluorescence quenching curves are shown in Fig. 8a due to that the S=O groups donate p-electrons to the Eu 3+ , and it is considered that this electron-transfer process leads to the change of Eu 3+ coordination environment and further affects the fluorescence intensity of 
CONCLUSIONS
In this work, a combination of one-pot synthesis and hydrothermal treatment was employed for the formation of Au NP@silica@europium coordination polymers denoted as Au NP@SiO 2 @TDA-Eu nanocomposites. The maximum enhancement factor of the nanocomposites is 6.81 when the thickness of silica between the core of Au NP and the shell of TDA-Eu is 30 nm. It is considered that the spacer thickness is the main factor influencing the fluorescencent enhancement according to the fluorescence lifetime fittings, which is consistent with the lifetime decay model. The Au NP@SiO 2 @TDA-Eu nanocomposites can be selectively quenched by reactive oxygen species and is expected to be a highly sensitive fluorescent probe. The current research would be beneficial to reactive oxygen species sensing in biological and environmental applications. 
